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APPENDIX I

SUSCEPTIBILITY OF BUILDING MATERIALS TO DAMAGE

An important consideration in the decontamination of a building

is the extent of damage to the building materials caused by the decontam-

ination technique. Other than the physical/abrasive decontamination

methods, damage can result from two forms of treatment, i.e. thermal and
chemical, Thermal damage can result from exposure to the elevated tem-

perptures achieved in thermal decontamination methods. Damage from chem-

icals can result from exposure to the chemicals used in either the chem-

ical or physical decontamination methods. Each type of building material

will have a different stability to thermal and chemical exposure with the

extent of damage dependent on either the temperature or the nature of the

chemical to which the material is exposed. The following section will

discuss the effects of thermal and chemical exposure on specific building
materials typical of agent production facilities, i.e. concrete, cement,

steel, brick, terra cotta tile, Monel and glass. The major emphasis will
be focused on concrete, cement, and steel, as these are the main building

constituents.

Cement and Concrete

Thermal Stability

Although concrete is non-combustible, elevated temperatures flave

a significant influence on the properties of concrete.(1) The high tem-

perature behavior of structural concrete is first observed at a lower

boundary temperature of 100 C whjre free water starts to be driven off.

In general, the engineering properties and behavior of concrete up to this

temperature vary by only a few percent from those measured at room tem-

perature. As the temperature is increased above 100 C, chemically bound

water is progressively released from the hardened cement paste. Above

about 150 C, cement dehydration reactions, thermal incompatibilities be-
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tween paste and aggregate, and other physiochemical effects lead to

thermal stresses, microcracking and a worsening of most structural prop-

erties (e.g. compressive strength, flexural strength, etc.).

In the range of 400-600 C dehydration of calcium hydroxide to

form calcium oxide takes place. Other dehydration reactions, which are

often irreversible, start as soon as desorption of evaporable water is

completed and proceed up to a temperature of 800 C. Between 160 and 980 C

calcium carbonate breaks down into calcium oxide with release of carbon

dioxide. After exposure to sustained temperatures of 650 to 815 C, normal

concrete is friable, highly porous, and, after cooling, usually can be

taken apart with the fingers.

Thus, an absolute upper limit for non-destructive exposure at

sustained temperatures can be taken as 650 C. However, within the allow-

able temperature range of 100-650 C, a wide variation of structural and

thermal properties is expected,

When a concrete structure is exposed to elevated temperatures,

the maximum allowable exposure temperature will depend largely on the ex-

tent of damage that is permissible. If no damage is permissible, then the

allowable temperature range will be quite low. For most concrete struc-

tures, minimal damage is expected up to about 150 C. If some damage can

be tolerated then the allowable temperature range will be increased. Be-

tween 200 and 400 C, most concrete remains substantially intact. However,

some cracking may be produced and the flexural strength may be signif-

icantly reduced. Above 400 C, a rapid weakening of structurally important

properties (e.g. compressive strength) typically occurs. Exposure to

temperatures above 600 C results in extensive damage, and should be

avoided. It should be noted that these temperature ranges are only ap-

proximate, and each specific type of concrete may exhibit different ex-

tents of stability. Also, the extent of damages by thermal expansion will

depend on the structural configuration and presence of expansion joints.

The following guidelines provide measures to minimize concrete

damage at a given temperature.
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* Cyclic heating should be avoided.

• The duration of temperature exposure has little effect up to

about 24 hours. Beyond this time, the duration should be

kept to a minimum.

* Following high temperature exposure, slow c-ooling should be

allowed. Once the concrete has cooled, soaking with water

should follow to allow regain of compressive strength, etc.

Chemical Stability

In general, concrete has excellent resistance to chemical at-

tack. There are a few chemical environments, however, than can cause

concrete deterioration. In particular, many acid solutions and sulfate

"solutions are capable of deteriorating concrete. Table I-i indicates the

chemical effects of various materials on unprotected concrete.( 2 )

The rate of concrete attack in sulfate environments is usually

quite slow. For example, aggressive industrial wastes with a high sulfate

"content have been reported to result in a reduction of wall thickness in

concrete sewers of up to 1/4 inch per year.( 3 ) In acid solutions, the

rate of attack can be greater. For example, a 5% sulfuric acid solution

(pH of 0.2) was reported to cause a 50% loss of weight from progressive

surface deterioration after 12 weeks of immersion.( 4 ) For a short term
exposure, however, even this rate of attack would probably be permissible.

Thus, for short teem exposure to most chemicals, concrete

deterioration should not be a serious problem. However, many factors in-

fluence the rate of chemical attack, such as concrete type, surface coat-

ings, temperature, concentration of aggressive chemical, etc., and there-

fore each specific chemical environment that is suspected of causing rapid

deterioration should be further characterized.
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Steel

Thermal Stability

Although steel is ncn-combustible, exposure to elevated te"1per-

atures can adverselyeffect its physical properties. From a structural

viewpoint,,the yield stress of steel is the aignificant parameter in

establishing load carrying capacity. A temperature of about 600 C is

normally considered to be the critical temperature.( 4 ) At 600 C, the

yield stress in the steel has decreased to about 60% of the 100 C temper-

ature value which is approximately the level normally used as the design

working stress. At temperatures above 600 C, the yield stress declines

rapidly.

Another property of steel that has an effect upon its perform-

ance at elevated temperatures is its coefficient of thermal expansion.

The linear coefficient of steel which increases with increasing temper-

atures affects a building structure in two ways. If the ends of a struc-

tural member are axially restrained, the attempted expansion due to the

heat causes thermal stresses to be induced in the member. These stresses

combine with those of the normal loading causing potential collapse. If

the structure is not axially restrained, the increased stresses do not

occur; instead, movement takes place. This movement causes the ends of

steel columns to be moved laterally, producing an eccentrically loaded

column. in other cases, walls can be moved to the point of collapse by

expansion of beams. Thus, the maximum allowable temperature In steel

members before thermal expansion becomes excessive depends largely on the

specific structural configuration.

It should be recognized that the temperature of interest with

respect to thermal expansion and yield stress values is the temperature

within the steel, and not the ambient or surface temperature. For short

term exposures, steel surfaces can be exposed to quite high temperatures

without danger of weakening or thermal expansion of the entire member.

However, since steel has a high thermal conductiviLy, it can rapidly at-
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tain high internal temperatures and long term exposures at high temper-

atures should be avoided.

Chemical Stability

Corrosion of steel can occur in many cbemical environments. In

general, exposure to most acids should be avoided, except for short-term

duration. The common alkalies such as caustic soda (NaOH) and caustic

potash (KOH) are not particularly corrosive to steel, unless elevated

temperatures are employed. Ammonia and ammonia solutions do not present

difficult corrosion problems. Most organic solvents have little effect on

steel.

Other Building Materials

Many materials other than concrete and steel are commonly used

in building construction. Within the scope of the present project, the

remaining materials of interest are brick, terra cotta tile, Monel and

glass. These materials have widely varying thermal and chemical stability

character13tics, and a detailed consideration of each material is not

presently warranted. A few general considerations will be discussed,

however.

Thermal Stability

Brick and terra cotta tile are quite stable at high temper-

atures. Monel has a melting point between 1300 and 1450 C. Window glass

begins to soften in the 700 to 750 C range, but cracking can occur at much

lower temperatures if therma3 gradients are imposed.
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Chemlcal Stability

Bricks and terra cotta tile are resistant to most chemical en-

vironments, except strong acid solutions. Glass and Monel are resistant

to most corrosive chemicals.

REFRENCES

1. 3mith, P., "Resistance to High Temperatures", in Significance of Tests
and Properties of Concrete and Concrete-Making Materials, ASTM STP
169B, American Society for Testing and Materials, 1978.
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4. Tuthill, L. H., "Resistance to Chemical Attack", in Significance of
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APPENDIX TE

"COST ANALYSIS

An order of magnitude cost analysis was performed on those con-

cepts selected as the best concepts. The concepts are Hot Gases, Infrared

Heating, Hydroblasting, RadKleen, Steaming, Vapor Circulation, Liquid

Reactant, Gaseous Reactant and Volatilization/Aerosol Decontamination.

Several general assumnpttons were made to provide a basis for

cost analysis including:

_1, One site is analyzed. The site is comprised of three hypothet-

ical structures in proximity to each other. Details of the structures are

41 given in Section 3.4.2.

Each building contains a total of five tons of oteel as equip-

,ent, piping, metal stairs, etc.

A maximum of one month decontamination time per building is

allowed.

Capital Cost

Capital equipment costs were estimated from Peterson and
-I tTimmerhaus (P&T) (Reference 1) (adjusted to 1982$), Means (Reference 2),

the Decommissioning Handbook (Reference 3), the Chemical Marketing
" Repo r (Reference 4) and in-house estimates. It was assumed that

• .the equipment could be reused at each building.

Operating Costs

Opere.ting costs are:

"* Labor at $10/hour,

* Administration and Overhead at 4X labor cost,

* Materials/Other.
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The labor cost includes labor for set-up, operation, tear-down, incinera-

tion, hauling to landfill, and refinishing building, Several assumptions

made for the labor cost include:

o Equipment removal time is 75 percent of set-up time

* Normal clean-up requires 80 hours per building and

includes repainting.

Estimates on labor time were also found in the previously cited references

(1-3).

Administration and overhead includes purchasing, safety

analysis, verification of decontamination, and normal amounts of utilities

(steam, electricity, water, sanitary sewage). Large utility usage will be

charged:

* Electricity $.06/kwhr.

* Steam $.01/lb.

* Kerosene $2/gal.

Waste disposal costs are assumed part of overhead if no unusual materials

are treated. Each facility will be assumed to have a method of disposing

of its manufacturing wastes. If unusual materials or quantities are

generated, solid debris will be disposed of in either a hazardous landfill

or by incineration at $25 per cubic foot. For liquid waste disposal, the

facility will have a sanitary sewage treatment plant or access to a mun-

icipal plant. If other wastes are generated, a special facility for

treatment or evaporation must be built and charged to capital cost or the

wastes can be sent to a disposal company.

Materials costs will be the delivered price of the material. The

material cost will be estimated from Chemical Marketing Reporter or a

specialty chemical catalog.
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Protective gear (non-agent) is $1,000. If agent protective gear

is required then it is assumed the suit. are non-reusable. At a cost of

$100 per suit and a working time of 2 hours, the cost of the suits per

manhour is $50.

- A summary of the costs and methods used to obtain equipment

specifications follows.

Hot Gases

",1' As described in Appendix III, the following equipment is

required:

a Direct-Fixed Heater

* Turboblowers (2)

9 Fan

* Absorber

Ancillary equipment and materials includes:

* Ductwork

* Kerosene

* Insulation

Direct-Fired Heater

J The size of the direct-fired heater which supplies the hot gases

can be determined from the heat duty requirements 4or the three buildings.

The following are the heat duty requirements for the buildings.
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Total Heat Decontamination Heavy Duty

Building --(BTU)-, Time (hr) (BTU/Hr)

Concrete Block 167.2x10 6  40 4.2xi0 6

Concrete 167.2xi0 6  40 4.2x10 6

Terra Cotta 121.5x!0 6  40 3.0x10 6

Thus, a direct fixed heater with a rated output of Ioxio 6 BTU/hr would be

more than sufficient to supply the required heat duty. A quote of $25,000

was obtained from a manufacturer.

Turboblower

In order to size the turboblower, the volumetric flow rate of

combustion gases must be calculated. Assume kerosene is used as the fuel

and that it is composed of 88 wt percent carbon and 12 wt percent

hydrogen. Then:

11.53 x wt fraction 0 + 34.34 x wt fraction H

(lb air)/(lb fuel) (Stoichiometric)

11.53 x .88 + 34.34 x .12 - 14.27 (lb air)/(lb fuel

CO2 - 3.66 x wt fraction C 3.22 (lbs C02)/(lb fuel

H20 - 8.94 x wt fraction H 1.07 (lbs H20/(lb fuel)

Flue gas flow rate is then:

14.27/29 + 3.22/44 + 1.07/18 - 0.625 (lb moles)/(Ib fuel)
- 224 ft 3/(Ib fuel).

If the direct fired heater is operated at maximum, then with a heat of

combustion of kerosene of 120,000 BTU/gal, the fuel requirements are-

lOxio6 BTU/hr x (0 gal)/(120,000 BTU) x 0.13368 ft 3 /gal x

48.1 lb/ft3 - 536 (lb fuel)/hr

The flue gas flow rate is then:

536 x 224 - 121,000 SCFHI{ 2000 SCFM.

Peterson and Timmerhaus (P&T) give a cost of $8700* for a 3 PSIG maximum

pressure discharge, 2000 SCFM capacity turboblower.
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Fan

Assume 1 equivalent air change in the building is desired every

5 minutes. Then for a 60x30x25 - 45,000 ft3 building a 9000 CFM fan is

required. The cost from P&T is $2300.*

Absorber

An absorber cost of $10,000 is assumed.

Ductwork

It will be assumed that the direct fired heater and turboblowers

are inalled, one per site, with ductwork carrying the flue gases being

interchanged between buildings. For a 10 MPH output velocity at 2000 CFM:

2000 CFM / [(10 MPH)/(60 minutes) x 5280] 2.2 ft 2

For an area of 2 ft 2 , the cost (P&T) of insulated iron ductwork is

about $7.00 per linear foot. Assume 100 feet are required.

Fuel Requirements

The fuel requirements are calculated from the building heat duty

requirements as:
(167.2x10 6 + 167.2x10 6 + 121.5xi0 6 ) / 0.5 (efficiency) /

120,000 BTU/gal - 7600 gal x $2.00/gal - $15,200.

* Adjusted to 1982 dollars.



11-6

Insulation

According to previous calculations, insulation is required. For

Metalized Polyester Facing insulation at R-13 (4 inches thick), the cost

(Means) is $0.49/ft2. The insulation will be assumed to be reusable on

the three buildings.

Operating Time

Operating times were either obtained from P&T, Means or

estimated. During actual decontamination activities it was assumed that

two operators and one supervisor were required. A summary of the costs is

given in Table I1-1.

Infrared Heating

For simultaneous heating on both internal and external building

surfaces the following heat duties are required:

Decontamination

Building Total Heat (BTU) Time (hr)

Concrete Block 153.6x10 6  1/2

Concrete 152.6x106 1/2

Terra Cotta 109.7x10 6  1/2

It may not be feasibile to decontaminate the entire building at one time

because of the power requirements. Commercially available infrared units

rates at 18 KW are available as 1 foot x 5 feet units at a cost of $700

(quote). If 100 units are used then 250 ft 2 can be treated at one time

(50 units on both sides of the building).



TABLE I1-l. HOT GASES CONCEPT COST ANALYSIS*

* Total Labor Time w 1206 Hours

Labor Cost at $10lHr: $ 12,060

Overhead at 4 x Labor Cost: 48.240

Other Operating Costs: 19,300

. TOTAL OPERATING COST: 79,600

TOTAL CAPITAL COST: 55,400

TOTAL COST: $135. 000

CAPITAL COST

Unit Unit Source Number Total
Equipment Description Size Cost of Cost Required Cost

Direct Fired Heater 1Ox10 6 Btu/hr $25,000 Quote 1 $25,000

STurboblower 2000 CFH 8,700 P&T 2 17,400

Fan 9000 CFH 2,300 P&T 1 2,300
Absorber System 2000 CFh 10,000 Eat. 1 10,000

t Iron Ductwork (Insulated) Linear ft 700 P&T 100 700

TOTAL CAPITAL COST: $55,400

OPERATING COST

Unit Hours/ unitsi Total
O~eration Size Unit Site Hours Source

Building Preparation Bldg 40 3 120 Estimate

Heater Installation Site 60 1 60 P&T

Blower Installation Site 70 2 140 P&T

Fan Inetallation Bldg 10 3 30 Estimate

Absorber Installation Site 40 1 40 Estimate

Insulation Installation Bldg 45 3 135 Means

Ductwork Installation Bldg 16 3 48 Means

Concrete Building Decontamination Bldg 40 1 40 See. 3.5.6

Concrete Block Decontamination Bldg 40 1 40 Sec. 3.5.6

Terra Cotta Decontamination Bldg 40 1 40 See. 3.5.6

Equipment Removal Site 135 1 135 Estimate

Ineulation/Ductwork Removal Bldg 46 3 138 Estimate

Cleanup Bldg 80 3 240 Estimate

TOTAL HOURS: 1206

Unit Unit Source Number Total
Other Operating Costs Size Coat of Cost Required Coat

Insulation Sq Ft $0.49 Means 6300 $ 3,100

Fuel (Kerosene) Gallon 2.00 Est. 7600 15,200

Protective Geur .-- - -- 1000

OTHER OPERATING COSTS: $19,300

* In 1982 dollars.
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The power requirements are:

(153.5xi0 6 + 153.5x10 6 + I09.7xi0 6 BTU)/(3415 BTU/KWH)

122,000 KWH

Oplerating Times

It was assumed that 0.1 hours were required to position each

heater and 0.1 hours were required for wiring each time a heater was

moved# For a 5 ft2 heater, the total number of times that heaters must

be set-up are

8100 ft 2 /building x 3 buildings/site / 5 ft 2 /heater - 4860.

It was assumed that two operators and one supervisor was re-
quired during actual decontamination. A summary of the costs is given in

Table 11-2.

Hydroblasting

A basic hydroblaster unit rate at 11 GPM at 10,000 PSIG was

quoted from a manufacturer as costing $26,500 plus $6700 for accessories

that allows cleaning the inside of tanks, pipes and sumps.

The Decommissioning Handbook (3) cites that a removal depth of

0.74 inches at a rate of 10 ft 2 /hr is typical. The time required to

decontaminate one building when two shifts are used is
8100 ft 2 / 16 hours/day / 10 ftZ/hr - 51 days.

Thus, two units are required to keep the decontamination time under one

month per building.

A pump will be required to continuously remove water from the

sumps. At a maximum hydroblasting rate of 11 GPM, a pump capable of It

GPM and about 20 feet of head is required. The cost from P&T is about

$850.
If the water is to be recycled, storage tanks are required. At

a rate of 11 GPM x 60 x 16 hrs/day - 10,560 gal/day, a tank holding one
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TABLE I1-2. INFRARED HEATING CONCEPT COST ANALYSIS*

Total Labor Time - 1962 Hours

Labor Cost at $10/Hr: $ 19.620

Overhead at 4 x Labor Cost: 78,480

Other Operating Costs: 8,400

TOTAL OPERATING COST: 106,500

TOTAL CAPITAL COST: 88,.000

TOTAL COST: $194,500

CAPITAL COST

Unit Unit Source Number Total
Equipment Description Size Cost of Cost. Required Cost

Infrared Heaters 18 kw $800 Quote to0 $80,000

Wiripg -- -- Estimate -- 00.0.

TOTAL CAPITAL COST $88,000

OPERATING COST

Unit Hours/ Urdts/ Total
, Operation Size Unit- Site Hours Source

Building

Install IR Heaters Heater 0.1 4860 486 Estimate

Wiring Heater 0.1 4860 486 Estimate

Decon Concrete Bldg 250 ft 2  1.5 100 150 See. 3.5.6

Decon Block Bldg 250 ft2  1.5 100 150 Sec. 3.5.6

Decon Terra Cotta Bldg 250 ft 2  1.5 100 150 See. 3.5.6

Cleanup Bldg 80 3 240 Estimate

Equipaetn

Install, Wire, Decon, Bldg 100 3 300
Cleanup

TOTAL HOURS: 1962

Unit Unit Source Number Total
Other Operating Costs Size Cost of Cost Required Cost

Electricity kwh $0.06 Estimate 122,000 $7,400

Protective Gear .. -- 1,000**

OTHER OPERATING COSTS: $8,400

* In 1982 dollars

* If either A OPE, level A or level B unit is required, the cost could be as
high as 1962 hrs x $50/hr - $98,100.
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days supply would be 11,000 gallons. The cost of a mild steel tank,

11,000 gallon in size is $16,000. It is assumed that two tanks are re-

quired, one for recycle water to be fed to the hydroblaster and one for

storage. If the hydroblaster removes 0.75 inches of surface from all the

buildings, then disposal of 0.75/12 x 8100 ft2 x 3 - 1520 ft3 of debris

is needed.

A summary of the costs is given in Table 11-3.

RadKleen

In this cost estimate, a spray and vacuum type application

method will be costed. An alternative method of application is by spray-

ing. Here, the cost would be comparable to a liquid reactant application.

The cost of a RadKleen un it is estimated to be $45,000 which

includes the unit and ancillary equipment such as vacuum/sprayer nozzles

(Stanley Steamer*) adaptable to floors, pipes, tanks, walls, etc.

Data has shown that 90 percent decontamination (removal) of

agent from cloth in <1 minute, butyl ruuber in <2 minutes and webbing in

<4 minutes. It is assumed that a 5 minute removal time is required for

building materials. For a nozzle that covers an area of I ft2 a building

of 60x30x25 feet will require 8100 ft2 x 5/60 - 675 manhours to clean.

A summary of the costs is given in Table 11-4.

Steaming (External)

Assume 100C steam is available at $0.01/lb. Assume one complete

changeover of the building atmosphere every two hours (one building volume

of steam required every two hours) for a total of 5 days. Then, the steam

required is:

(60x30x25 ft3)/(26.8 ft 3 /lb) - 1680 lb every 2 hours - 840 lbs/hr.

840 lb/hr x 120 hrs - 100,800 lbs of steam per building.



TABLE I-3. HYDROBLASTING CONCEPT COST ANALYSIS*

Total Labor Time - 2960 Hours

Labor Cost at $10/Hr: 29_600

Overhead at 4 x Labor Cost: 118,400e
Other Operating Costs: 29,000

TOTAL OPZRATING COST; $187,000

TOTAL CAPITAL COST: $ 92,750

TOTAL COST: $279 750

CAPITAL COST

Unit Unit Source Number Total
Equipment Description Size Cost of Coat Required Cost

fldroblaster 10,000 pei $26,500 quote 2 $53,000

Pipe and Tank
Cleaning Accessories -- 6,700 Quote 1 6,700

Sump Pump 11 GPM 850 P&T 1 550

Storage Tank 11,000 Gal 16,100 P&T 2 32,200
TOTAL CAPITAL COST: $92,750

OPERATING COST

Unit Hours/ Units/ Total
- Operation .. .... Size _ Unit Site _ Hours Source

Tanks/Pump Setup Site 80 1 80 Estimate

Equipment Setup Day 1 90 90 Estimate

Building Hydroblasting 10 ft2  1 2430 2410 Ref. 3

Equipment Hydroblasting Bldg 80 3 240 Estimate

Cleanup (Painting only) Bldg 40 3 120 Estimate

TOTAL HOURS: 2960

Unit Unit Source Number Total
Other Operating Costs Size Cost of Cost Required Cost

Debris Landfill ft 3  $25 Estimate 1520 $38,000

Protective Gear .. ...- - ,000**

OTHER OPERATING COSTS: $39,000

a In 1982 dollars.

e, If either a DPE, level A or level B gear is required, the cost could be as
high as $50/hr x 2960 hrs - $148,000.
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TABLE 11-4. RADKLEEN CONCEPT COST ANALYSIS*

Total Labor Time - 2595 Hours

Labor Cost at $10/11r: 259

Overhead at 4 x Labor Cost: 103,800

Other Operating Costs: 16,350

TOTAL OPERATING COST: 146100 .

TOTAL CAPITAL COST; 45J000

TOTAL COST: $191-A10

CAPITAL COST

Unit Unit Source Number Total
Equipment Description Size Cost of _Cost__ Required Cost

RadKleen Unit $45,000 Estimate 1 $45,000
(Includes Ancillary
equipment)

OPERATING COST

Unit Hours/ Units? Total

O tion Size Unit Site Hours Source

Equipment Setup/Teardown Day 1 90 90 Estimate

Building Decontamination Bldg 675 3 2025 Estimate

Equipment Decontamination Bldg 80 3 240 Estimate

Cleanup Bldg 80 3 240 -itimate

TOTAL HOURS: 2595

Unit Unit Source Number Total
Other Operating Costs Size Cost of Cost Raquired - Cost

Freon 113 Gal $12 Ref. 4 1000 $12,000

Incineration of Waste--

Freon ft3  25 Estimate 134 3,350

Protective Gear ..-- .-- 1,000"*

OTHER OPERATING COSTS; $16,350

* In 1982 dollars.

** If agent protective gear is required, the cost could be as high as
2595 bra x 50 - $129,750.
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The steam will condense and the water is collected in a 2000

gallon sump. A pump is required to remove the water at a rate of (840

lbs/hr)/(60 lb/ft3) - 14 ft 3 /hr w 2 GPM.

The water is collected in a tank which can hold about one day's

supply or 840 lb/hr x 24 hrs / 60 lb/ft 3 - 336 ft 3 - 2500 gal. A 3000

gallon tank is required. The cost from P&T for a 3000 gallon mild steel

tank is $8700.

During decontamination it is assumed that one operator and one

supervisor are required.

A summary of the costs is given Table 11-5.

Vapor Circulation

In order to cost the Vapor Circulation Concept several assump-

tions must be made:

o Average porosity of building materials is 15%.

a Assume solvent penetrates into all building materials to

a depth of I inch

e Assume five changes of solvent required and each change

requires 24 hours.

* Acetone is the solvent.

* Boiler for acetone operates at 100 C.

o Building is kept at b.p. of acetone (56.2C=133F).

e Mild steel equipment used.

For acetone - M - 58 lb/lbmole

- 49.3 lb/ft 3

6H vaporization - 237 BTU/lb

Pvapor = 52 PSIA at 100C
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TABLE 11-5. STEAMING CONCEPT COST ANALYSIS*

Total Labor Time - 1990 Hours

Labor Cost at $10/Hr: $14,900

Overhead at 4 x Labor Cost: 59,600

Other Operating Costs.:_ 4,020

TOTAL OPERATING COST: 78.5M

TOTAL CAPITAL COST: IL 200

TOTAL COST.: I9720

CAPITAL COST

Unit Unit Source Number Total
Equipment Description Size Cost of Cost Required Cost

Plumbing ..-- Estimate -- $ 2,000

Pump 2 GPM 500 Estimate 1 500

Storage Tank 3000 Gal $8,700 P&T 1 8,70

TOTAL CAPITAL COST: $11,200

OPERATING COST

Unit Hours/ Units/ Total
.. Operation Size Unit Site Hours Source

Building Preparation Bldg 80 3 240 Estimate

Plumbing Site 250 1 250 Estimate

Equipment Setup Bldg 40 3 120 Estimate

Cleanup Bldg 40 3 120 Estimate

Equipment Removal Site 40 1 40 Estimate

Decontamination Bldg 240 3 720 Estimate

TOTAL HOURS: 1490

Unit Unit Source Number Total

Other Operating Coats Size Cost of Cost Required Cost

Protective Gear ...-- -- $l,000**

Steam 1k lb $0.01 Estimate 302,000 3,020

OTHER OPERATING COSTS: $4,020

* In 1982 dollars.

5* It is anticipated that agent protective gear will not be required.



11-15

Acetone Flow Rate

For I building decontaminated at a time:

8100 ft2 x 1/12 ft penetraation x 0.15 porosity 101 ft3
= 4979 lbs acetone

If all solvent is exchanged in 24 hours then 4979/24 - 207 lbs/hour -

acetone flow rate.

Acetone Supply

At the beginning uf operations, the building atmospherA must be

permeated with acetone vapor. The quantity of acetone required for the

building atmosphere is:

(14.7x144x45,000 ft3)/[(460 + 133 bp OR)(1545)] -

104 ibmoles - 6030 lb acetone

For a supply of acetone equivalent to two solvent changes plus the vapor

in the room, 2x4979 + 6030 - 16,000 lbs acetone is required.

If the acetone is recycled in one building and then incinerated,

a total supply of 16,000x3 bldgs / 49.3 / 0.13368 - 7300 gallons is re-

quired.

Acetone Heater

Assume the initial acetone temperature is 70F and it is raised

to 212F. Then assuming an average specific heat o! 0.55 BTU/lb V, then:

q U m[cp T + AH vaporization)

207 lb/hr [0.55 (212-70) + 237 BTU/lb]

65,226 BTU/hr

For a 75 percent efficiency, 65300 / 0.75 / 3514 - 25 KW heater is re-

quired. The cost from P&T for an immersion heater is $1000.
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Heating Tank

For a flow rate of 207 tb/br and a 10 hour supply a 400 gallon

mild steel vessel will be required at a cost of $9000.*

Storage Tank

The tank size required is 16,000 / 49.3 / 0.13368,-,2500

gallona. A spherical mild steel, 2500 gallon capacity storage vessel

costs about $15,000 (P&T).

Decontamination Time

The total time required for one building is calculated as

follows: time to first solvent exchange - (4979 + 6030) / 207 lb/hr 50

hours, The total time is then 50+24x4 w 146 hours. It is assumed that

two operators and one supervisor are required during decontamination.
A sumary of the costs is given in Table 11-6.

Liquid Reactant

This general cost analysis would be applicable to all of the

chemical concepts which use a liquid reactant for decontamination.

Several assumptions must be made prior to evaluation of the

cost:

* The liquid is sprayed on.

e Ten applications of the'spray are required.

a The liquid would cover 100 ft 2/gallon for concrete and

terra cotta.

• Note: at 100 PSIG.
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TABLE 11-6. VAPOR CIRCULATION CONCEPT COST ANALYSIS*

Total Labor Time w 2304 Hours

Labor Cost at $10/Hr; $ 2304_0

Overhead at 4 x Labor Coat: _92,160

"Other Operating Costs: 40, 255

TOTAL .M2RATING COST: 155,455

TOTAL CAPITAL COST: 29,000

TOTAL COSTi $184,455

CAPITAL COST
* J- - - - - - - - - - -.- - - - - - -, t, -,... ,

Unit Unit Source Number Total
Equipment..Description- Size Cost of Cost Required Cost

Acetone Vaporizer System
-- Imersion Heater 25 kw $ 1,000 PST I $ 1,000
-- Heating Vessel 400 gal at 9,000 PST 1 9,000.

100 psig

Storage Tank 2500 gal 15,000 P&T 1 15,000

Pumps 1 GPM 500 Estimate 2 1,000

Blower 25 CFM 1,000 Estimate 1 1,000

Plumbing -- 2,000 Estimate 1 _2,000

TOTAL CAPITAL COST: $29,000

OPERATING COST

Unit Hours/ Units/ Total
Operation Size Unit Site Hours Source

Building Preparation Bldg 80 3 240 Estimate

Equipment Setup Site 160 1 160 Estimate

Plumbing Site 230 1 230 P&T

Building Decontamination I hour of 3 438 1314 Estimate
decon time

Cleanup Bldg 80 3 240 Estimate

Equipment Removal Site 120 1 120 Estimate

TOTAL HOURS: 2304

Unit Unit Source Number Total

Other Operating Costs Size- Cost of Cost Required Cost

"Acetone lb $0.31 Ref. 4 48,000 lb $14,880

Incineration of Waste

Acetone ft 3  $25 Estimate 975 lb 24,375

Protective Gear ........ 1,000*.

OTHER OPERATING COSTS: $40,255

"* In 1982 dollars.
** Agent protective gear not anticipated to be required.
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a The liquid would cover 25 ft 2/gallon for concrete block.

* 50 percent of the spray adheres to or penetrates the building

material with the remainder being recycled.

o The spray operation requires one operator and one supervisor.

* An average cost of liquid reactant of $10,00 per gallon.

* The liquid reactant will either permeate through or remove

paint.

A summary of the costs is givenl in Table 11-7.

Gaseous Reactant

In this concept gas cylinders are opened and the gas directed

into a sealed building. Air is withdrawn from the building and passed

through a scrubber until a high gas concentration is achieved. The

building is then sealed, allowing the gas to permeate through the building

materials for two weeks. Periodic monitoring (4 hours per day) is per-

formed during this period. A summary of the costs is given in Table 11-8.

Volatilization/Aerosol Decontamination

For infrared heating of the external building surfaces the fol-

lowing heat duties are required.

Total Heat (BTU) Decontamination Time (hr)

Concrete block 68.9*10 6  9.8

Concrete 91.8x10 6  17.4

Terra Cotta 53.1xi0 6  14.6

Concrete floors 24.4xi0 6 36



11-19

TABLE I1-7. LIQUID REACTANT CONCEPT COST ANALYSIS*

Total Labor Time - 1454 Hours

Labor Cost at $10/Hr: ý$14.54

Overhead at 4 x Labor Cnat-:

Other Operating Costs: 11,.000

TOTAL OPERATING COST: 83,70

TOTAL LAPITAL COST: - 9,230

TOTAL COST: $92,930

CAPITAL COST

Unit Unit Source Number Total
Squipment Descriplon Size Cost of Cost Required Cost

Pressure Spra'er 240 GPH $3,270 Quote 1 $3,270

Accessories -- 1,960 Quote 1 1,960

sump Pump -- 560 Estimate 1 S00

Storage, rank 1000 gal 3,500 Quote 1

TOTAL CAPITAL COST: $9,230

OPERATING COST

-uit HourI S units/ Total
, Operation Size Unit Site Hours Source

Tank, Pump Setup Site 40 1 40 Estimate

Equipment Setup Day 1 62 62 Estimate

Spray Application
to Building 4000 ft.2  16 62 992 Means

Spray Application
to Equipment/Piping Bldg 40 3 120 Estimate

Cleanup Bldg 80 3 240 Eatimate

TOTAL HOURS: 1454

Unit Unit Source Number Total
Other OpIrating Costa Size Cost of Cost -Required Cost

Liquid Reactant Gal $10 Estimate 1000 $10,000

Protective Gear . -..- -- 1,000**

OTHER OPERATING COSTS: $11,000

* In 1982 dollars.

* If a DPE, level A or B gear is required, then the cost may be as high as
1454 hr. x 50 - $72,700.
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TABLE 1I-8. CASEOUS REACTANT CONCEPT COST ANALYSIS*

Total Labor Time w 1020 lours

Labor Cost at $10/Hr: $10,200

Overhead at 4 x Labor Cost: 40,800

Other Operating Costs: .2,000

TOTAL OPERATING COST: 53.000

TOTAL CAPITAL COST: 8,000

TOTAL COST: 61 .000

CAPITAL COST

Unit Unit Source Number Total
Equipment Description Size Cost of Cost - -Required Cost

Turboblower 100 CFM $1,500 P&T 1 $1,500

Scrubber System -- 5,000 Ent. 1 5,000

Gas Resulators -- 150 Est. 10 J.S59

IOTAL CAPITAL COST: $8,000

OPERATING COST

Unit Hours/ Units/ Total
_ Operation Size Unit Site Hours Source

Building Sealing Bldg 80 3 240 Estimate

Equipment Setup Bldg 80 3 240 Estimate

Bldg Decontamination Bldg 100 3 300 Estimate

Cleanup Bldg 80 3 240 Estimate

TOTAL HOURS! 1020

Unit Unit Source Number Total
Other Operating Costs Size Cost of Cost Required Cost

Gas Estimate $2,000

* In 1982 dollars.


